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This study tested the hypothesis that coronary artery
disease might be identified by a decrease in Doppler
measurements of flow velocity and acceleration. The reo
sponse of aortic blood flow velocity and acceleration to
exercise was determined in 102 subjects (28 young con-
trol subjects and 74 older patients) who underwent con-
tinuous wave Doppler echocardiographic examination
before, during and immediately after near maximal
treadmill exercise. Patients were grouped according to
the results of thallium perfusion imaging: Group I =
normal, Group II = ischemia with or without prior
infarction and Group III = prior infarction only. A
significant decrease in the level of velocity and aeceler-
ation achieved with exercise was observed both in pa-
tients in Group I (normal thallium study) (1.2 ± 0.3 mls
and 36.8 ± 14 mls per s, p :=; 0.005) and in patients in
Group II (ischemia) (1.1 ± 0.3 mls and 27.7 ± 11
mls per s, p :=; 0.0005) compared with values in young
control subjects (1.4 ± 0.2 mls and 52.7 ± 16 mls per
s), When groups of patients of similar age who differed
in the presence (Group II) or absence (Group I) of isch-
emia on thallium scintigraphy were compared, no dif·
The velocity and acceleration of blood flow in the ascending
aorta have been Shown to be reliable indicators of left ven-
tricular performance ( 1- 4) . Left ventricular contraction is
impaired by myocardial ischemia , and it is likely that this
impairment might be reflected in decreased aortic blood flow
velocity and acceleration . Doppler echocardiography , by
virtue of providing an accurate noninvasive means of ex-
amining aortic blood flow both at rest and during exercise ,
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ference was found for maximal velocity(1.1 ± 0.3 versus
1.2 ± 0.3 mis, p = NS), but acceleration was signifi·
cantly lower in Group II (27.7 ± 11 versus 36.8 ± 14
mls per s, p :=; 0.05). When values in Groups I and II
were normalized for exercise capacity on the basis of
heart rate reached, a reduction was observed only for
peak acceleration in Group II patients with muitivessel
coronary disease.
It is concluded that aortic flow velocity and acceler-
ation increase progressively with exercisein young healthy
subjects. Becausequalitatively similar responses are elic-
ited in patients with normal and ischemic responses to
thallium perfusion scintigraphy, a reduction in aortic
blood How by exercise Doppler recordings cannot be
reliably used to identify individual patients with coro-
nary artery disease. As a group, patients with evidence
of impaired perfusion by thallium scintigraphy achieve
a lower peak acceleration than do those with normal
scans, a finding particularly marked in those with mul-
tivessel disease.
(J Am Coil CardioI1987;10:809-17)
thereby offers a potential noninvasive modality to detect
myocardial ischemia . Little information is available regard-
ing the change in aortic blood flow associated with upright
exercise in normal subjects and patients with heart disease.
Therefore , this study was carried out with the following
objectives: I) to determine the response of maximal aortic
flow velocity, acceleration and flow velocity integral to graded
treadmill exercise in healthy control subjects, and 2) to
compare the response of these normal control subjects with
that of patients with and without evidence of myocardial
ischemia as exhibited by exercise thallium myocardial per-
fusion of scintigraphy.
Methods
Study group. The total study group was composed of
102 individuals (Table I). The normal group (controls) com-
0735-1097/87/$3 .50
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Table 1. Age and Exercise Characteristics of the Study Group (n = 102)
No. With 2085%
Mean Age Mean Duration of Average Maximal HR Age-Predicted
No. (yr) Exercise (min) (beats/min) Maximal HR
Control group 28 28.7 12.7 169.3 28
Group [ 25 54} 8.5' '1 147.} 19(normal scan)
Group II 37 55.1 7.3 :!: 2.7 127.3 16
(ischemia)
Group III 12 53.8 7.2 129.6 5
(infarction only)
*p = NS; tp "5 0.005. HR = heart rate.
prised 28 healthy volunteers (7 women and 21 men) with a
mean age of 28.7 years (range 21 to 43). All control subjects
had normal cardiovascular function as determined by his-
tory, physical examination, electrocardiogram, two-dimen-
sional echocardiogram and electrocardiographic response to
maximal upright exercise. Seventy-four patients (16 women
and 58 men) referred for exercise thallium perfusion scin-
tigraphy for the evaluation of chest pain who were free of
evidence of noncoronary heart disease constituted the re-
mainder of the study group. These patients were subdivided
according to the results of the radionuclide study: no evi-
dence of ischemia (Group I), ischemia with or without prior
infarction (Group II) and prior infarction only (Group III).
The average age was 54.9 years (range 38 to 76) in Group
I, 55.1 years (range 35 to 74) in Group II and 53.8 years
(range 35 to 72) in Group III, all greater than that of the
control group. Forty-three patients in Groups I, II and III
had undergone diagnostic cardiac catheterization and coro-
nary angiography within 6 months of the thallium perfusion
study. Coronary angiograms were quantified by assessing
cross-sectional diameter at the site of stenosis in several
planes. A significant stenosis was defined as ~75% decrease
in internal diameter. Multivessel disease was defined as
275% stenosis in the main branch of two or more of the
major epicardial vessels, including the right, left circumflex
and left anterior descending coronary arteries as well as
large diagonal branches of the left anterior descending artery
and large obtuse marginal branches of the left circumflex
artery.
In addition to being older, patients in Groups I to III also
differed from control subjects in history of prior antianginal
medication. None of the control subjects were taking an-
tianginal medication; however, 36 patients in Groups I to
III had received a beta-adrenergic blocking agent at some
time before the exercise test, whereas 35 had received a
long-acting nitrate and 29 had received a calcium channel
antagonist before the thallium study. Twenty-five patients
had received a dose of beta-blocking agent within four elim-
ination half-lives of the drug at the time of the exercise test.
Nitrates and calcium channel antagonists were not withheld
before exercise testing.
Exercise protocol (Table 1). Subjects were exercised
on a treadmill using the Bruce protocol (5). Exercise was
terminated when 85% of the age-predicted maximal heart
rate was reached or at the point where progressive chest
pain or exhaustion occurred. For all subjects, a multiple
channel electrocardiogram and blood pressure were moni-
tored before, during and after exercise. An abnormal ex-
ercise electrocardiographic response was defined as a hor-
izontal or downsloping ST segment at 80 ms after the J
point when the baseline electrocardiogram was not obscured
by left bundle branch block, left ventricular hypertrophy or
ST segment abnormalities at rest.
In Groups I, II and II/, 2.0 mCi of thallium-201 was
administered intravenously at the time of peak exercise. The
patient continued exercising for 60 seconds, after which
radionuclide imaging was performed using a high resolution
collimator and camera. Imaging was performed in multiple
positions within 2 minutes of completing exercise, and was
repeated at 3 to 4 hours after exercise. Analog and computer-
enhanced digital images were interpreted, and a consensus
reached by three experienced observers. The results of per-
fusion scintigraphy were interpreted as follows: I) normal
= uniform distribution of activity throughout the left ven-
tricular wall (a decrease in apical activity of similar extent
seen on both the immediate postexercise scan and the post-
recovery scan was considered normal); 2) isc~emia = re-
versible perfusion defects; and 3) infarction = nonreversible
perfusion defects. Control subjects did not undergo thallium
injection, but their exercise protocol was otherwise un-
changed.
Doppler examinations. The Doppler examinations were
performed with the subject in the standing position, with
the transducer at the suprasternal notch. A nonimaging trans-
ducer was angulated to record the maximal flow signal as
defined by audio and spectral outputs. The optimal signal
was defined as the highest velocity spectral recording with
a clearly defined velocity envelope. No correction factor
was used for the intercept angle between Doppler signal and
direction of blood flow, since this angle was assumed to be
less than 15°. Doppler recordings were made at baseline,
during the last half of each 3 minute exercise stage, at peak
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Figure 1. Representative spectral (top) and digital (bottom) read-
outs from instruments used in this study. The accompanying sche-
matic diagram (middle) illustrates the measurements that were
obtained. ACCEL = acceleration; Ex = exercise; FVI = flow
velocity integral; VEL = velocity.
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AH Robins) was also used to examine 57 subjects (22 con-
trol subjects and 35 patients in Groups I to III), This unit
is capable of measuring blood flow as modal velocity (the
velocity of the greatest number of red blood cells, which is
slightly lower than maximal velocity), but lacks the capa-
bility of a full spectral tracing. The ExerDop device operates
at 3.0 MHz, samples every 5 ms and prints out the peak
modal velocity for each heartbeat. Peak acceleration and
flow velocity integral are accurately derived internally at a
high sample rate of 200 Hz (1). Figure I illustrates the
spectral display provided by the Irex machine, as well as
the digital printout provided by the ExerDop machine.
Informed consent. The procedures were fully explained
to each subject before the study, and informed written con-
Figure 2. Individual, mean and standard deviation values for max-
imal aortic blood flow velocity at baseline and immediately after
exercise for control subjects, patients with normal thallium studies
(Group I) and patients with ischemia by thallium imaging (Group
II). The p values in this and subsequent figures refer to the dif-
ference between groups for the mean change in the Doppler flow
variable. NS = no statistical significance.
] 1 m / se c
ExRest
exercise and immediately after exercise (before perfusion
scanning),
Continuous wave Doppler examinations were performed
with two nonimaging instruments. One Doppler unit (lrex)
yielded a full spectral recording and was utilized for 100
subjects (28 control subjects and 72 patients in Groups I to
III) studied. For each phase of exercise, including baseline
and immediately after exercise, a hard copy printout of at
least 20 beats was obtained at a paper speed of 50 to 100
mm/s. The flow signals from three representative beats were
selected from the hard copy Doppler tracing. These beats
were usually, but not always, consecutive, because artifacts
induced by motion or respiration occasionally distorted in-
dividual beats. For each cycle analyzed, the outer border
of the spectral envelope was traced using a digitizing pad
and cursor. A custom programmed microprocessor-based
computer (Gifford CompuPro System 8115) assisted in con-
version of the spectral outputs to digital values. The values
for maximal velocity (the fastest velocity traveled by red
blood cells in the Doppler recording) were determined by
the uppermost point of the spectral envelope. The final data
represented the arithmetic means of these three analyzed
beats,
A new continuous wave Doppler instrument (ExerDop,
Spectral
Figure 3. Values for peak acceleration of aortic blood flow at
baseline and immediately after exercise for control subjects, pa-
tients with normal thallium studies (Group I) and patients with
ischemia by thallium imaging (Group II).
DIGITAL REPORT: Peak ACCEL Peak Modal VEL FVI TIME
(m/see/see) (m/see) (em)
Rest 15 0.63 7.6 0:00
1 19 0.81 11.0 159
2 22 0.90 11.4 4:40
3 30 1.02 10.8 7:36
4 38 1.19 11 :4 13:11
Exercise stopped
5 46 1.11 7.2 010
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Figure 4. Flow velocity integral (FVI) at baseline and immedi-
ately after exercise for control subjects, patients with normal thal-
lium studies (Group I) and patients with ischemia by thallium
imaging (Group II). NS = no statistical difference.
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sent was obtained. The protocol was approved by the Human
Investigations Committee of the University of Kentucky.
The total body radiation exposure was calculated to be 0.48
rad for each 2.0 mCi scan.
Statistical analysis. Student's t test for group data was
performed for comparisons between the control group and
each of the three patient groups for heart rate, exercise
duration, maximal velocity, modal velocity, peak acceler-
ation and flow velocity integral at each stage of exercise.
Similarly, nonpaired t tests were used for comparisons be-
tween Group I and Group II and between Group I and Group
III. Unless otherwise specified, the p values shown in the
Results section and in Figures 2 to 7 refer to the difference
between groups for the mean change from baseline to ex-
ercise.
Results
Exercise Test Results
Exercise testing was accomplished without complica-
tions, and Doppler examinations were successfully per-
Figure 5. Peak acceleration at baseline and immediately after
exercise for patients with normal (Group I) and ischemic (Group
II) thallium studies who achieved at least 85% of their age-pre-
dicted maximal heart rate. NS = no statistical difference.
Figure 6. Maximal velocity for patients with normal thallium
studies (Group I) and patients with ischemic thallium studies (Group
II) who also had angiographically proved multivessel coronary
artery disease (CAD). All subjects shown achieved 85% or greater
of their age-predicted maximal heart rate. NS = no statistical
significance.
formed without interfering with exertion in all subjects.
Aortic blood flow data from the two Doppler devices used
in this study were comparable, although velocity measure-
ments were slightly higher with the spectral display unit,
since maximal rather than modal values were obtained. Be-
cause these recordings were comparable, in this report, ve-
locity refers to aortic flow velocity as measured by either
instrument. However, all data for any specific comparison
were derived from the same instrument. Because the major
hypothesis of this study was that exercise-induced ischemia
could be detected by Doppler examination, values are ana-
Figure 7. Peak acceleration at baseline and immediately after
exercise in patients with normal thallium studies (Group I) and
patients with ischemic thallium studies (Group II) who also had
angiographically proved multivessel coronary artery disease (CAD).
All subjects shown achieved 85% or greater of their age-predicted
maximal heart rate.
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Figure 8. Mean Doppler flow values for control sub-
jects are shown for baseline. each stage of exercise and
the immediate postexercise period (P) . FYI = fl ow
velocity integral; Max = maximal.
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Iyzed and displayed for Groups I and II individually. while
the results for Group III (evidence of infarction only by
thallium scintigraphy) are discussed for the entire subset.
Control group. Control subjects exercised an average
of 12.7 minutes (range 9 to 24) and stopped because of
fatigue or attainment of their target heart rate. or both. All
but three normal subjects reached the fourth stage of the
protocol. The average heart rate at peak exertion was 169.3
beats/min (range 152 to 2(0) . No chest pain or ST segment
changes diagnostic of ischemia were seen.
Groups I, II and III (Table 1). Both the duration of
exertion and the peak heart rate reached were less in patients
undergoing thallium scintigraphy (Groups I. II and III) than
in the control subjects. Groups I, II and III exercised an
average of 7.75 minutes (range 3 to 15.5). Average heart
rate at peak exercise was 134.4 beats/min (range 77 to 190).
and 34 patients failed to reach 85% of their age-predicted
maximal heart rate. Chest pain during exercise was noted
in 21 cases. Changes in the ST segment indicative of coro-
nary artery disease were seen in eight patients. The small
number of patients with interpretable. significant ST seg-
ment change was related to the population studied (that is.
many of the patients referred for thallium scintigraphy at
our institution have electrocardiographic abnormalities that
preclude the use of exercise electrocardiography alone.
Twenty-five patients had no evidence of ischemia or in-
farction on thallium perfusion study (Group I) . Thallium
results indicative of ischemia were observed in 16 patients.
and ischemia and infarction were identified in 21 patients
(Group II). Twelve patients had evidence for infarction alone
(Group III).
For the 43 patients who underwent both thallium studies
and coronary angiography. results were concordant for the
presence or absence of significant ( ~75% reduction in di-
ameter) coronary artery disease in 37 (86%). There were
fi ve false-positive and one false-negative radionudide
studies.
Doppler Results
Response of flow velocity and acceleration to exercise
in control group (Fig. 8). A progressive increase in max-
imal velocity. modal velocity and acceleration occurred with
increasing levels of exercise to peak exertion in the control
group (0.79 ± 0.18 to 1.36 ± 0.23 m/s, 0.605 ± 0. 16 to
1.22 ± 0.29 m/sand 15.82 ± 4.14 t0 52.73 ± 16.33m/s
per s, respectively. all p :50.0001). Velocity (maximal and
modal) decreased slightly in the immediate postexercise pe-
riod. while acceleration continued to increase. Flow velocity
integral also increased with exercise in the controls subjects
(from 7.98 ± 2.7 cm at rest to 9.07 ± 2.6 em at peak
exertion. p :50.05). However. the increase in flow velocity
integral was of a lower magnitude (13.6%) than that of
maximal velocity (74%) and acceleration (250%). and was
greatest during the early stages of exercise. with a gradual
diminution of maximal exertion. Thus. the nearly universal
response of blood fl ow velocity to exercise in normal sub-
jects is an increase.
Comparison of maximal aortic flow velocity response
to exercise (Fig. 2). In the immediate postexercise period.
the value for peak velocity increased with exertion in nearly
all individuals. whether control subject or patient. However.
the mean value for maximal velocity achieved by the cohort
of patients examined by thallium perfusion scintigraphy was
significantly less than that achieved by control subjects (1. 19
:t 0.31 and 1.09 ± 0.30 m/s for Group I and Group II.
respectively). Despite differing from values in control sub-
jects. there was no significant difference between the mean
values for maximal velocity achieved with exercise by pa-
tients with scintigraphic evidence of ischemia (Group II)
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Table 2. Age and Exercise Characteristics for 35 Patients Achieving at Least 85% of Their
Age-Predicted Maximal Heart Rate
Mean Age Mean Duration of Average Maximal HR
No. (yr) Exercise (min) (beats/min)
Group I 19 557} } ",± 3 26l} 1577 ± 17') }(normal scan)
56.3 * t 147.3 ± 15.7 t §Group II 16 7.6 ± 2.9 t
(ischemia)
Multivessel CAD (9)11 56.6 6.9 ± 2.2 140.6 ± 10.9
*p = NS between Groups I and II; tp < 0.05 between Groups I and II: tp = NS between Group I and
patients with multi vessel coronary artery disease; §p :s 0.005 between Group I and patients with multivessel
coronary artery disease: lithe number of patients with coronary artery disease (CAD) is listed parenthetically
because these patients were also counted in Group II.
lACC Vol. 10, No.4
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and those without evidence of ischemia or infarction
(Group I).
Comparison of flow acceleration response to exercise
(Fig. 3). As was true for maximal flow velocity, measure-
ments of peak acceleration after exercise increased in nearly
all individuals in the study group. However, in contrast to
findings for maximal velocity, the mean value for peak
acceleration achieved was less 27.75 ± 10.69 mls per s)
in Group II (patients with ischemia) than in either the control
group (52.73 ± 16.33 mls per s, p :::::0.0005) or Group [
patients without ischemia (36.78 ± 14.18 mls per s, p
:::::0.05). As was the case for maximal velocity, there was
a significant difference between the control group and Group
[ despite the lack of ischemia in either group, a finding
possibly due to disparities in age or level of exertion.
Comparison of rest and exercise flow velocity integral
(Fig. 4). The response of flow velocity integral to exercise
in controls subjects was variable and was not significantly
different from that of patients in Groups I and II.
Influence of prior infarction and exercise capacity.
Because of the possible influence of other variables on ex-
ercise performance, we analyzed our results in several al-
ternative ways. To evaluate the influence of abnormalities
of left ventricular contraction, we examined the Doppler
data obtained for patients with scintigraphic evidence of
infarction, but not ischemia (Group Ill). The results of this
analysis indicated that increases in maximal velocity and
acceleration during exercise in patients in Group III (0.76
± 0.21 to 1.13 ± 0.39 mls and 14.67 ± 3.2 to 24.67 ±
9.63 mls per s, respectively) were identical to those in Group
II. Chronotropic incompetence (6), reduced exercise ca-
pacity and the administration of a beta-adrenergic blocking
agent represented potential confounding variables in this
study. We attempted to address the influence of extent of
effort and presence of beta-blocking drugs by analysis of
the subgroup of patients who achieved 85% of age-predicted
maximal heart rate. It is unlikely that beta-blockade was
significant in this group, and it is likely that exertion was
near maximal. To examine the possible role of these factors
in determining the response of blood flow velocity to ex-
ercise, we segregated patients according to the maximal
heart rate response achieved at exercise (Table 2). In contrast
to the significant decrease in peak acceleration observed
between Group II and Group I when all patients were in-
cluded, there was no difference in this variable when com-
parison was limited to the subsets of patients who reached
85% of age-predicted maximal heart rate (Group II 33.56
± 11.49 versus Group I 36.78 ± 14.17 mls per s, p =
NS). Thus, scintigraphic evidence of myocardial ischemia
alone did not result in abnormal Doppler blood flow accel-
eration responses to exertion when patients with comparable
exercise capacity were evaluated (Fig. 5).
To further assess possible differential response between
groups, the values for peakvelocity and acceleration achieved
at maximal exercise were compared with baseline values
and expressed as a percent change from baseline. In regard
to maximal velocity, as was the case for absolute values, a
significant difference was found between the control group
and Groups I and II when results were expressed as the
percent change from baseline. However, no significant dif-
ference was found between patients with a normal thallium
scan and patients whose thallium scan indicated ischemia
when peak velocity values achieved were expressed in this
manner. Peak acceleration remained significantly lower for
Group II (ischemia) compared with Group I (no ischemia)
when expressed as a percent change from baseline (p :::::
0.05). However, again there was considerable overlap in
values for individual patients in each group.
Finally, to determine whether limitations in aortic blood
flow in response to exercise identify an advanced degree of
ischemic heart disease, nine patients (seven with maximal
velocity data and five with acceleration data) with docu-
mented multivessel coronary disease (mean = 2.3 vessels
with 2::75% stenosis), ischemia on thallium perfusion scin-
tigraphy and an exercise heart rate at least 85% of the age-
predicted maximum were compared with patients in Group
I (no ischemia) who had also achieved at least 85% of the
age-predicted maximal heart rate (Table 2). As can be seen
in Figure 6, no significant difference in maximal velocity
was found between patients with documented multivessel
l ACC Vol. 10. No.4
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coronary disease and scintigraphic evidence of ischemia
compared with those with a normal thallium scan. Mea-
surements of peak acceleration in the group with multivessel
coronary disease, however, were significantly lower than
those of Group I (p :s 0.01). Further, although the number
of observations is small, it appears that the inability to reach
a peak acceleration in excess of 30 m/s per s in a patient
who can exercise to 85% of the age-predicted maximal heart
rate may provide a useful method to identify patients with
multivessel coronary disease (Fig. 7).
Discussion
Doppler echocardiography provides a noninvasive mea-
surement of blood flow velocity and acceleration in the
ascending aorta, and thereby provides an accurate means
for assessing left ventricular function (1- 3). Thus, studies
by Sabbah et a!. (4) yielded a good correlation between
measurements of peak acceleration by Doppler ultrasound
and ejection fraction obtained by left ventriculography, in-
dicating that peak acceleration is a sensitive measure of
global left ventricular function at rest. Myocardial ischemia
has been well documented to result in a diminished ejection
fraction, a fact that has been utilized in applying radio-
nuclide blood pool scintigraphy to the evaluation of coronary
artery disease. Thus, it seemed reasonable to postulate that
coronary artery disease might be identified by a decrease in
Doppler measurements of velocity and acceleration in re-
sponse to exercise. The data obtained in the present study
indicate that this is not the case. A decrease in velocity and
acceleration does not occur in patients with coronary heart
disease, but rather an increase in these Doppler measure-
ments with exercise is observed in nearly all individuals
despite the presence of myocardial ischemia.
Use of exercise Doppler study to identify ischemic
heart disease. Several recent reports have attempted to
demonstrate a diminution in peak fl ow velocity achieved
with exercise in groups of patients with coronary artery
disease as compared with healthy control subjects. Thus,
Bryg et a!. (7) compared peak now velocities achieved with
treadmill exercise in young clinically normal subjects with
those obtained in patients with coronary artery disease. Pa-
tients with severe coronary artery disease having left ven-
tricular dysfunction at rest failed to achieve an 80% increase
from baseline values comparable with that observed in nor-
mal subjects, or they actually experienced a decrease in
peak velocity from stage II to the immediate postexercise
period. In a preliminary report, Teague et al. (8) suggested
that peak flow velocities at maximal exercise failed to rise
or actually fell in patients with advanced degrees of coronary
artery disease.
The data obtained in our study confi rm that as a group
patients with coronary artery disease manifested by abnor-
mal thallium perfusion scintigraphy have a reduced peak
velocity and acceleration in response to exercise compared
with that achieved by healthy volunteers. However, in this
study as well as in others. control subjects differed from
patients in several important characteristics, including age
and exercise capacity. Therefore, it is of much greater rel-
evance to compare patient groups in which these variables
are matched, a situation achieved between Groups [ and II
in this study. Further. because the magnitude of velocity
and acceleration reached with exercise should be related to
the presence of ischemia. and not just to the existence of
atherosclerotic coronary lesions, we elected to examine pa-
tients on the basis of their response to thallium scintigraphy
rather than to coronary angiography alone. When we com-
pared patients with defects on scintigraphy and age-matched
subjects with a normal thallium scan, many of the differ-
ences in velocity and acceleration measurements disap-
peared or were substantially diminished with respect to those
seen when comparison was performed with control subjects.
Thus. no signifi cant differences between Group I (no isch-
emia) and Group II (with ischemia) were observed for either
maximal velocity or now velocity integral (Fig. 2 and 4).
However, a substantial difference in regard to measurements
of peak acceleration remained, and values for this variable
were significantly lower in patients with an abnormal thal-
lium study than in those with a normal study (Fig. 3). This
difference was particularly marked for the subgroup of pa-
tients with multivessel coronary atherosclerosis. These find-
ings were consistent with previous evidence indicating that
acceleration is the most sensitive characteristic of blood flow
for the assessment of left ventricular function, and confi rmed
that acceleration may be of value in identifying the presence
of advanced coronary artery disease.
Importance of exercise capacity and beta-adrenergic
blocking medication. Despite these findings, several ad-
ditional variables capable of influencing the response of
Doppler measurements to exercise were present in the groups
of patients undergoing thallium examination. Specifically,
patients differed in left ventricular function at rest, chron-
otropic response to exercise and overall exercise capacity.
In addition, a number of patients had received a dose of a
beta-adrenergic blocking agent within four drug half-lives
of the exercise study. Although recent studies in animals
(9) have demonstrated that heart rate has very little effect
on Doppler measurements of aortic flow velocity and ac-
celeration, preliminary work from our laboratory (10)shows
that beta-blockade does influence these variables. To correct
for these variables, we conducted a separate analysis that
included only the patients in each group who reached 85%
of their age-predicted maximal heart rate during exertion.
The results of this analysis indicated that nearly all of the
group differences in response of Doppler measurements dur-
ing exercise were eliminated when analysis was confined to
patients with a near normal exercise capacity. A prominent
exception to this finding was the reduced peak acceleration
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in the patients with multivessel coronary artery disease, as
compared with values in subjects with a normal thallium
study, that persisted even for the subset of patients with a
good exercise capacity (Fig. 7). These data indicate that the
reduced peak velocity and acceleration values in response
to exercise recorded in patients with an abnormal thallium
scan were not related exclusively to the presence of myo-
cardial ischemia, and that exercise Doppler examination
appears to be of value predominantly in identifying ischemia
in patients with multivessel coronary disease.
Limitations. Exercise thallium myocardial perfusion
scintigraphy has been demonstrated (II) to have a sensitivity
of approximately 85% for detecting significant coronary
artery disease. Therefore, we cannot exclude the possiblity
that coronary artery disease was present in some patients in
Group I, and resulted in a limitation in aortic blood flow
velocity in response to exercise. However, a good con-
cordance was observed between the results of thallium per-
fusion scintigraphy and coronary angiography in those pa-
tients who underwent both procedures. In a similar fashion,
thallium scintigraphy may reveal abnormalities in patients
with normal coronary arteriographic findings in whom left
ventricular dysfunction is present. None of the patients in
our study had clinical evidence of significant valvular heart
disease or cardiomyopathy. Finally, the accumulation of
thallium-20l during reperfusion of ischemic myocardium
has been found to be dependent largely on regional coronary
blood flow rather than on myocardial viability (12). If thal-
lium uptake is determined primarily by relative coronary
blood flow, a defect on scintigraphy may not be indicative
of the presence of ischemia. Such a dissociation might ex-
plain the lack of evidence of impairment of left ventricular
function by Doppler measurements in the presence of ab-
normalities of myocardial perfusion determined by thallium
scintigraphy.
Several technical considerations concerning exercise
Doppler echocardiographic studies are worthy ofemphasis.
The present study evaluated upright treadmill exercise, and
all measurements were made with patients standing. Dop-
pler-determined aortic flow velocity decreases as patients
change from the supine to the standing position (13), and
this positional effect may have influenced our measure-
ments. Measurement of flow velocity and acceleration with
Doppler ultrasound assumes that the vessel containing the
flow (ascending aorta) maintains a constant diameter during
exercise. As regards the examination itself, we found that
stage 4 of the Bruce protocol was the highest level of ex-
ercise during which suprasternal Doppler examination could
be reliably performed. Excessive motion limits the tech-
nique beyond that stage of exertion in young controls sub-
jects, and may be a factor at even lower levels of exercise
in elderly subjects. Similarly, maintenance of a constant
sample volume site during progressive stages of exertion is
mandatory. Use of continuous wave Doppler ultrasound
should alleviate much of the positional problems encoun-
tered during exercise, but maintaining an acceptably small
angle between the ultrasound beam and blood flow remains
a potential source of error. Pulsed wave Doppler ultrasound
may be limited by "aliasing" at very high flow rates, al-
though present instrumentation should be able to record peak
levels of aortic flow without aliasing. The effects of res-
piration on the Doppler signal were not a problem in our
study patients, but may limit the technique in patients with
significant lung disease.
Conclusions. This study was based on the hypothesis
that measurements of velocity and acceleration by Doppler
would decrease during exercise in patients with ischemic
heart disease. Our data have clearly demonstrated that this
is not the case. Although this study does not support the
contention that exercise Doppler techniques can be utilized
as an accurate method to identify the presence of coronary
artery disease, it does suggest that a reduction in peak ac-
celeration measurements to <30 m/s per s in the absence
of beta-adrenergic blocking medication may be of value in
detecting patients with advanced stages of coronary artery
disease.
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